Abstract

20
Background
21
High antibiotic consumption rates are associated to high prevalence of antimicrobial 22 resistance. Geographical differences in dispensing rates of antibiotics are frequently 23 analysed using statistical methods addressing the central tendency of the data. Yet, 24 examining extreme quantiles may be of equal or greater interest if the problem relates 25 to the extremes of consumption rates, as is the case for antimicrobial resistance. 26
The objective of this study was to investigate how geographic location (latitude) and 27 municipality population size affect antibiotic consumption in Norway. 28
Methods
29
We analysed all outpatient antibiotic prescriptions (n>14 000 000) in Norway 30 between 2004 and 2010 using quantile regression. Data were stratified by year and we 31 aggregated individual data to municipality, county or latitudinal range. We specified 32 the quantile regression models using Directed Acyclic Graphs and selected the model 33 based on Akaike Information Criteria. 34
Results
35
Yearly outpatient antibiotic consumption in Norway varied up to tenfold at 36 municipality level. We found geographical variation to depend on the number of 37 inhabitants in a municipality and on latitude. These variables interacted, so that 38 consumption declined with increasing latitude when municipality population sizes 39 were small, but the effect of latitude diminished as the number of inhabitants 40 increased. Aggregation to different levels of spatial resolution did not significantly 41 affect our results. 42
Conclusion
43
In Norway, outpatient antibiotic dispensing rates decreases with latitude at a rate 44 contingent on municipality population size. Quantile regression analysis provides a 45 flexible and powerful tool to address problems related to high, or low, dispensing 46 rates. 47
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Background
50
Geographic variation in outpatient antibiotic dispensing rates, a proxy for 51 consumption rates, has important public health implications as high consumption rates 52 increase the risk of antimicrobial resistance. It is imperative to identify where 53 consumption is too high to guide targeted preventive measures. Typically, geographic 54 differences are assessed using analytical methods addressing the central tendency of 55 the dispensing rates. [1] [2] [3] [4] [5] [6] [7] [8] [9] information on all dispensed drugs to outpatients ) in addition to demographic data. 83
Patients are registered with an encrypted ID, month and year of birth (the same 84 variables are recorded for death), gender and both municipality and county where they 85 live. Likewise, the prescribers are registered with month and year of birth, gender and 86 the same variables on residence. Prescriber profession and speciality is also recorded. 87
The prescribed drug is registered with ATC code, the DDD and the reimbursement 88 code. Further, the prescription has a date, number of packages, a Nordic article 89 number and a free text for area of application. Finally the pharmacy is registered with 90 a name, licence and in which municipality and county it is located.From this database 91 we extracted 14 132 020 individual prescriptions from ATC group J01, and prior to 92 aggregation we excluded prescriptions for methenamine (J01XX05), and entries with 93 erroneous ATC-codes and implausible values (e.g. age of prescribers or patients, 94
unreasonably large amounts for single prescriptions, and erroneous ATC codes). 95
Cases with missing or wrong data on municipality codes or cases dispensed on 96
Svalbard were also removed. 97
We defined the outcome by aggregating the number of DDD for all antibiotics and 98 calculated the age adjusted DID for each municipality and county. 99
Exposure variables 100
Latitude was assigned to municipalities in three different ways; a latitude ranking 101 (South-North) according to the latitude of a municipality's county (1 through 19), a 102 rank based on latitude of the municipalities (1 through 428), and finally we divided 103 the 428 ranks into 19 intervals with even number of municipalities and assigned a 104 latitude rank to each cluster of municipalities. All ranks for latitude were based on 105 administrative centre coordinates. [ 
Results
139
Consumption of outpatient antibiotics declined with increasing latitude (South-North 140 axis) ( Fig. 1 and SI Video 1) . Consumption also depended on the number of 141 inhabitants in a municipality and variation was largest where population size was low. 142
Over the study period we found 6-10-fold difference in consumption of antibiotics 143 (measured in DIDs) among Norwegian municipalities. The main effect of 144 municipality population size on antibiotic consumption was largest for the lower 145 percentiles, decreasing for higher percentiles of consumption (Fig. 2) . 146
The decline in antibiotic consumption with increasing latitude was contingent on 147 municipality population size, and the effect of latitude was reduced as municipality 148 population size increased. The curved regression surfaces for 2010 illustrate this 149 interaction between latitude and municipality size detected at both the 20 th and 80 th 150 percentile (SI video 1 displays surfaces for all years). The interaction effect was 151 present from the 20 th through the 80 th percentile (Fig. 2, Table 1 ). However, below the 152 20 th and above the 80 th percentile the interaction effect was less pronounced and 153 estimates were not statistically different from zero (Fig. 2) . 154
The full model fitted the data best and had the lowest AIC (Δ AIC = 132, 116 Fig. 2, SI Video 1) . 158
159
We found no evidence for MAUP effects when we aggregated the data at three 160 different levels of spatial resolution (Table 1) . 161
Discussion
162
We detected a 10-fold difference antibiotic consumption, measured in DID, among 163 aggregation often leads to strong variance heterogeneity, which can be effectively 183 handled by the nonparametric QR. 184
We found no evidence for MAUP effects. The observed differences in parameter 185 estimates between models 1 through 3 are expected, as the covariate latitude differs 186 between the models. However, the tendency for parameter estimates does not change. 187
Strengths and weaknesses
188
The NorPD captures all prescriptions to outpatients in Norway, but contains limited 189 information on underlying diseases. Possible differences in indications for treatment 190 between regional units are not addressed in the present study. 
